We investigate on how to build software systems that assist cultural heritage researchers to reconstruct past events on the basis of present data. In this setting, knowledge-assisted visualization can be a useful mechanism to improve the knowledge generation process and emphasise collaboration. However, a useful visualization depends on the goals of the user and the specific research problem involved. In this position paper we present a set of case studies to defend the study of cognitive inferences through discourse analysis and its typologies as a starting point in the knowledge-assisted elicitation process. Once a complete study of usual inferences in the cultural heritage domain is done, the visualization needs in this domain will be easier to determine and apply, attaining our objective of knowledge-assisted visualization.
INTRODUCTION
Cultural heritage activities such as archaeological excavations or anthropological studies manage a large amount of complex data. In previous empirical studies, an elicitation process about the interaction preferences of researchers in cultural heritage (Martín-Rodilla, 2012) or conceptual modelling studies in cultural heritage domain (González-Pérez and Parcero-Oubiña, 2011) were carried out as a previous work to understand the needs of cultural heritage researchers. The visualization of this data and it application to generate knowledge is one of the problems detected in these studies.
Some literature and applications of visualization in cultural heritage exist (Vote et al., 2002) ; (De Luca et al., 2011) . However, these approaches are, in most cases, ad hoc proposals not aimed at knowledge-assisted visualization.
Knowledge-assisted visualization involves a number of areas in visualization theory, including theory frameworks and taxonomies (Zhou and Feiner, 1998) ; (Amar and Stasko, 2005) , cognitive studies about the knowledge generation method and visualization cognition (Huang et al., 2006) , data characterization (González-Pérez, 2012) or interaction principles (Van der Vlist el al., 2011) .
This paper shows an initial study based on discourse analysis as technique to characterize the usual inferences that occur in the cultural heritage domain and their implications in knowledge-assisted visualization.
METHODOLOGY AND PROPOSAL
According to the literature (Tufte, 1990) ; (Chen et al., 2009) it is possible to assist in the knowledge generation process of humans by improving the visualization of the data and the processes involved.In knowledge-assisted visualization (Chen et al., 2009) , the user's knowledge is an important part of the visualization. Characterizing this knowledge, we can incorporate it as expert knowledge, building best-fit visualizations in a specific domain. The question that we find unanswered, therefore, is what are the visualization needs in the cultural heritage domain to design useful knowledge-assisted visualizations and what is the best method to characterize this knowledge.
We propose a deep study of the most common types of inferences, in order to correctly support the processes of knowledge generation in a specific 546 domain. The future users of a visualization tool or technique in this field are archaeologists, anthropologist, historians and researchers or practitioners in similar disciplines. These professionals aim to reconstruct past events through present data. For this reason, the best-fit visualizations to assist the processes that they carry out are those that can support the most common inferences that occur in the cultural heritage domain, which often entail strong spatio-temporal components.
The case studies presented below were developed by applying the technique of discourse analysis (Hobbs, 1985) in order to dissect the relevant cultural heritage statements and determine visualization user needs. This method analyses the syntactic of the discourse looking for elements of connection such as prepositions or similar particles and evaluates the knowledge implied in the text. Hobbs's analysis is put into practice in other research areas such as biomedical domain (Lacson et al., 2006) , legal arguments (Moens et al., 2007) or mathematics research (McGrath and Kuteeva, 2012) to extract information and requirements. We try to find common inferences types in archaeological research as a subfield of cultural heritage. The differences between archaeology and other cultural heritage disciplines in this argumentation and the generalization of the conclusions are future needs in our research.
Establishing types of inference presented in the discourse allows us to determine the needs of the users, introduce it as expert knowledge and elaborate a set of suggested visualization solutions that could be used as input for a research-oriented software system.
CASE STUDIES AND NEEDS
The following sections present three case studies. Each case study includes a literal statement taken verbatim from a research work in archaeology, an analysis of the inference according with the characteristics of the discourse in said statement, and a reflection about the user needs that this analysis reveals in terms of visualization requirements and suggested visualization techniques.
Case Study One


Cultural Heritage Statement: "There is a group of pots with no decoration, low quality clay and hand made. They could have been used as housewares. This hypothesis is fitting with the chemical analysis of the pots" (Cobas and Parcero-Oubiña, 2006 ).  Inference Analysis: This is a common kind of hypothesis in archaeology. Based on the classification of pots or pot fragments found at a particular site, researchers assess the quality and analyse the chemical properties of the pots, and they try to reconstruct the function they had. The first objective is to find groups or similarities between pots. The presence or absence of decoration, the quality of the clay, and the manufacturing process (such as by hand or wheel) for each pot are determined and compared with the outcomes of the chemical analysis.
User needs: For this kind of inference, the first process is one of clustering. The second process is a relational one: the researcher wants to find a relation between the pot groups and the characteristics of the pots in order to infer the function or common use of the pots. To improve this knowledgegeneration process, the researcher needs to visualize data in groups. To support the second process, the researcher may need to focus on a particular group and visualize the specific characteristics of its pots and their chemical properties in order to determine the function of the pots.
Case Study Two
 Cultural Heritage Statement: "In funerary contexts in the Bronze Age of Atlantic Europe, we can find individual tombs with decorated and high-quality manufactured pots with handles and brilliant colours" (PrietoMartínez, 1998).  Inference Analysis: In this case, the first part of the statement is a selection of a space-time slice. The researcher relates the funerary pots with their characteristics (material, colour, quality, handles). The main objective is the characterization of the funerary pots in Atlantic Europe during the Bronze Age.  User needs: In order to compare the target pots with pots of similar but different contexts, the researcher needs to visualize a map of their spatio-temporal situation plus the characteristics being analysed (material, colour, quality, handles) for each region of the map. In addition, the researcher may want to visualize the sequence of temporal events for a specific area of the map, or for a specific pot, or other spatio-temporal relationships.
Case Study Three
 Cultural Heritage Statement: "The source of inorganic matter implies that the scope of interaction does not exceed 50 km. This means that animals were required to transport the wheat to the mills" (Fernandez, 2010) .  Inference Analysis: The first part of the inference involves the grouping of inorganic matter found, as well as the delimitation of the area where those inorganic matters were found. Knowing that traces of wheat farming were found on the site, the research infers that animals must have been required to transport the wheat, because no mills were present within the studied archaeological area.  User needs: This kind of inference is more complex than the previous two, because it involves a concatenation of simpler inferences. In the first part, the researcher needs to visualize the area where inorganic matter and wheat farming traces were found. In the second part, the researcher needs a relational visualization to match the distance and the nearest mills on the map.
Overall Observations
There are some differences in the inference types and knowledge-generation methods that are revealed in the case studies presented. These differences mean that the knowledge-assisted visualization requirements are arguably different too. In addition, we detected that the most common types of inferences are clustering or relational mechanisms. This idea is not exclusive in cultural heritage and it is applicable to other research areas (Morato et al., 2003) ; (Fujita and Teplovs, 2009 ). However, this characterization allows us to identify a set of needs in visualization for researchers in cultural heritage and suggest some association visualization techniques:  We detect clustering inference as a starting step in the knowledge-generation process. We think that cluster visualization and related techniques (Van Wijk and Van de Wetering , 1999) ; (Stasko and Zang, 2000) are good choices for the first step in the knowledgeassisted process.

We detect strong spatio-temporal components in the following steps, e.g. in cases two and three. It is arguable that techniques related to spatio-temporal visualizations (Andrienko et al., 2003) ; (Aigner et al., 2011) are good candidates for the next steps in the knowledge-assisted process.
We also detect needs in terms of varying granularity of the information that it showed in the visualization. In all three case studies, statements involve large amounts of data. In this situations we argue that the application of well-known patterns such as Abstract/Elaborate (Yi et al., 2007) , Filter (Yi et al., 2007) , Snap-Together (North and Schneiderman, 2000) , or patterns at the implementation level (Heer and Maneesh, 2006) would work well to solve these needs. This list of needs is not complete. The main purpose of this paper is to start a discussion about the analysis of discourse and the typology of inferences as a method to understand a domain and, in particular, the cultural heritage domain, and improve knowledge-assisted visualization.
REFLECTIONS AND DISCUSSION
This study is an initial conceptualization about the main features in the knowledge-generation process in cultural heritage and it needs about visualizations. Our final objective it is to introduce this domain between the topics in visualization, to discuss scientifically the needs extracted in this study and compare with other domains with a successfully application of knowledge-assisted visualization techniques.
In this paper we defend the need of a deep study about the knowledge-generation process in each domain in terms of inferences and discourse analysis, as a part of the process of elicitation requirements in the knowledge-assisted visualization.
This proposal is an appropriate initial-point in the requirements visualization process, because allow us to understand the mind process involved in each domain and the final objectives of each research analysed. With this information, we could choose better visualization principles and techniques for each objective. Following these ideas, our future work is focused on the conceptualization of the method and in the elaboration of test-bed and empirical studies with users.
